ARRAY REFRACTING ELEMENT , ARRAY DIFFRACTING ELEMENT AND 

EXPOSURE APPARATUS 

CROSS-REFERENCE TO RELATED APPLICATION 
This application claims priority under 35USC 119 from 
Japanese Patent Application No. 2002-188295, the disclosure of 
which is incorporated by reference herein. 

BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to an array refracting 
element, an array di'f fracting element and an exposure apparatus, 
particularly relates to an array refracting element and an array 
diffracting element used for switching resolution and an 
exposure apparatus capable of switching the resolution in an 
exposure recording apparatus in which a light beam emitted from 
a light source scans a recording medium to form an image. 
Description of the Related Art 

Conventionally, an exposure recording apparatus, which 
records a two dimensional image on a photosensitive material 
(recording medium) by rotating a drum, on a peripheral surface 
of which the recording material is mounted, in a main scanning 
direction, and scanning a laser beam, which is modulated in 
accordance with image data of an image to be recorded on the 
photosensitive material, in a sub-scanning direction, which is 
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orthogonal to the main scanning direction. 

In exposure recording apparatus of this type, in order 
to lower resolution and record the image, the following methods 
are employed: a method, in which a spot diameter of the laser 
beam on a surface of the photosensitive material is enlarged 
and a recording pitch with respect to the sub-scanning direction 
is increased, and a method, in which of pixels formed from 
identical image data, only those with lowered resolution are 
repeatedly recorded, without changing the recording pitch and 
size of the spot diameter. On the other hand, when recording 
an image with increased resolution, methods, which are the 
reverse of those mentioned above, are employed. 

However, since it is necessary to drive a lens of an 
optical system and the like by using a driving mechanism in order 
to enlarge or reduce the spot diameter of the laser beam in the 
above-described way, there has been a problem in that sites and 
cost of the apparatus increase. When the resolution is reduced 
by repeatedly recording a portion, the resolution of which has 
been reduced, of the pixel formed by the same image data, since 
a recording pitch is constant with respect to the sub-scanning 
direction, there has been the problem in that recording speed 
can not be improved. 

In order to solve these problems, in a technique described 
in Japanese Patent Application Laid-Open (JP-A) No. 2000-284206 
by the applicant of the present invention, a light beam emitted 
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from a light source is divided into multiple light beams, and 
a multiple-condensing-points generating component which 
generates, in a sub-scanning direction of the recording medium, 
multiple condensing points condensed by a condensing optical 
system onto a recording medium and a sub-scanning control 
component which controls a recording pitch of the sub-scanning 
direction according to resolution are provided. When the light 
beams emitted from the light source are condensed on the 
recording medium through the condensing optical system to 
record an image, by controlling the number of condensing points, 
which are divided and generated in the sub-scanning direction 
by the multiple-condensing-points generating components, a 
size of a beam spot is adjusted and a recording pitch of the 
beam spot is adjusted in the sub-scanning direction according 
to the resolution of the recording image and thus, an image can 
be efficiently recorded. 

In the above-described technique, a deflecting optical 
element made of a uniaxial crystal or a deviation prism has been 
applied as the multiple-condensing-points generating 
component . 

However, when the deflecting optical element made of the 
uniaxial crystal is applied as the multiple-condensing-points 
generating component in the technique described in the 
above-described JP-A No. 2000-284206, cost increases because 
the uniaxial crystal is expensive. 
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Further, when the deviation prism is applied to the 
multiple-condensing-points generating component in the 
technique described in JP-A No. 2000-284206, image quality of 
the recording image may deteriorated. 

SUMMARY OF THE INVENTION 
In view of the foregoing, it is a first object of the 
present invention to provide an array, refracting element and 
an array diffracting element, which can improve the image 
quality of a recording image at low cost in an exposure recording 
apparatus, and it is a second object of the invention to provide 
an exposure apparatus which can improve the image quality of 
the recording image at low cost. 

In order to achieve the above-described first object, an 
array refracting element of a first aspect is configured to have 
a shape in which two refracting members having a unit surface 
shape dividing one laser beam into two beams in such a manner 
that each of the incident laser beams is ejected toward 
different positions from each other are arranged in pair units 
in the shape of an array in a direction orthogonal to a divided 
direction of the laser beam. The two refracting members may 
be a refracting member which can eject each of the incident light 
beams toward the different positions from each other, and may 
not be always a refracting member in which both the refracting 
members refract the incident light beam. The two refracting 
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members can be also formed such that one of the two refracting 
members does not change a traveling direction of the incident 
light beam. 

By configuring the array refracting element in the 
above-described way, the light beam divided into each two beams 
is formed by the light beams of the number of array pairs , 
respectively, when the array refracting element is used for the 
exposure recording apparatus. Accordingly, since one 
condensing spot is formed by the condensing spots of the number 
of array pairs, in the case where the divided light beams are 
superimposed in each of the number of array pairs at the focal 
point by the condenser lens while the condensing spot is shifted, 
when an outgoing side of the laser beam is viewed from the focal 
point and when an incident side of the laser beam is viewed from 
the focal point with respect to an array direction, blurring 
of each laser beam becomes symmetrical in a direction of an 
optical axis, as a result, the image quality of the recording 
image can be improved in the laser recording apparatus. 

Because the array refracting element of the invention can 
be made of any material which can divide the light beam into 
two beams, it is not always necessary to use the uniaxial crystal 
required when the light beam is separated according to a 
deflecting direction, so that the array refracting element can 
be configured at low cost. The array refracting element of the 
invention can be also integrally formed by , for example, cutting 
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or etching a plate-shaped member, and the array refracting 
element of the invention can be also made by bonding an array 
refracting material in the shape of the array with an optical 
bonding agent . 

The array refracting element of the first aspect is 
configured to become the shape in which two refracting members 
having a unit surface shape dividing one laser beam into two 
beams in such a manner that each of the incident laser beams 
is ejected toward different positions from each other are 
arranged in pair units in the shape of the array in the direction 
orthogonal to the divided direction of the laser beam, so that 
the image quality of the recording image can be improved at low 
cost when the array refracting element is used for the exposure 
recording apparatus . 

In the case where the array refracting element of the 
invention is used in the exposure recording apparatus, in order 
to superimpose the light beams, which have been divided into 
two beams, respectively, by each unit surface shape of the array 
refracting element as described above, in each of the number 
of array pairs at the focal point by the condenser lens, when 
the array refracting element is placed at a region where the 
light beams to be divided (exposure light) become substantially 
parallel, it is necessary that the light beam after the division 
eject with different angular orientations from each other, and 
when the array refracting element is placed at the region where 
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the light beam diverges or converges, it is necessary that the 
optical axis of the light beam after the division is parallel 
to the optical axis of the light beam before the division. 

Therefore, in the array refracting element of the 
invention, it is preferable that the unit surface shape is 
formed in a shape in which the one incident light beam is divided 
into light beams which have different angular orientation from 
each other and ejected, or a shape in which the one incident 
light beam is divided and ejected such that the optical axis 
of the divided light beam is parallel to the optical axis of 
the light beam. Consequently, the array refracting element of 
the invention can be formed so as to correspond to a region where 
the light beam to be divided is substantially paralleled or a 
region where the light beam to be divided diverges or converges. 

In order to achieve, the first object, the array 
diffracting element of a second aspect of the invention is an 
array diffracting element comprising two refracting members, 
at least one of which is formed as a diffracting member, having 
a unit surface shape for dividing one incident light beam into 
two light beams, wherein the array refracting members are 
arranged in a pair unit in an array shape in a direction 
orthogonal to a light beam dividing direction. As long as the 
two refracting members are able to have one incident light beam 
eject towards two different positions the two refracting 
members do not both have to refract the incident light. One 



7 



t 



1 L 

of the refracting members also can be made to be a member that 
does not change a travelling direction of the light beam. 

By structuring the array diffracting element in this way, 
when the array diffracting member is used by a exposure 
recording apparatus, each of the light beams which are divided 
into two, is composed of a light beam from each of the respective 
array pairs . Accordingly, since one condensed spot is made from 
a number of condensed light beams equal to the number of array 
pairs, in cases in which the divided light beams are condensed 
at the focal point by the condenser lens and the condensed spots 
are superimposed by staggering the number of array pairs number 
of condensed spots, when the ejecting side of the light beam 
is seen from the focal pint and when the incident side of the 
light beam is seen from the condensing direction with respect 
to the array direction, blurring of the respective light beams 
with respect to the light axis direction becomes substantially 
symmetrical. As a result, image quality of a recorded image 
in an exposure recording apparatus can be improved. 

Moreover, the array diffracting element of the present 
invention can comprise any material, so long as the material 
can divide a laser beam in two. Therefore, use of the uniaxial 
crystal, which is essential when the light beam is separated 
in accordance with the polarizing direction, is not required, 
and the array diffracting element can be made at low cost. The 
array diffracting element of the present invention can also be 
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integrally formed by, for example, cutting or etching a 
plate-shaped member. The array diffracting element of the 
present invention can also be made by bonding an array- 
refracting material in an array shape with an optical bonding 
agent . 

Thus, according to the array diffracting element 
of the second aspect of the present invention, the array 
diffracting element is configured to be an array diffracting 
element comprising two refracting members, at least one of which 
is formed as a diffracting member, having a unit surface shape 
for dividing one incident light beam into two light beams, 
wherein the array refracting members are arranged in a pair unit 
in an array shape in a direction orthogonal' to a light beam 
dividing direction, so that the image quality of the recorded 
image can be improved at low cost when the array diffracting 
element is used for the exposure recording apparatus. 

In case in which the array diffracting element of the 
present invention is used in the exposure recording apparatus, 
in order to superimpose the light beams, which have each been 
divided into two beams, by each unit surface shape of the array 
diffracting element as described above, in each of the number 
of array pairs at the focal point by the condenser lens, when 
the array diffracting element is disposed at a region where the 
light beams to be divided (exposure light) become substantially 
parallel, the light beams which have divided, must eject with 
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different angular orientations from each other. 

Thus, in the array diffracting element of the second 
aspect of the present invention, the unit surface shape is 
preferably formed in a shape, which divides the one incident 
light beam and causes the divided beams to eject with angular 
orientations different from each other. Thus, the array 
diffracting beam of the present invention can be formed so as 
to correspond to the position, at which the light beam to be 
divided, becomes parallel. 

On the other hand, a third aspect of the invention provides 
an exposure apparatus, which forms an image on a recording 
medium by scanning exposure. The exposure apparatus includes 
a light source from which a light beam emitted in a broad area 
ejects in at least main-scanning direction, a condensing 
optical system which condenses the light beam emitted from the 
light source on the recording medium, and the array refracting 
element of the first aspect or the array diffracting element 
which is placed between the light source and the recording 
medium so that a direction, in which the two refracting elements 
are aligned in an array shape, is substantially parallel to the 
broad area direction of the light beam emitted from the light 
source . 

According to the exposure apparatus of the third aspect, 
when the light beam ejecting from the light source from which 
the light beam emitted in the broad area ejects in at least a 
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main-scanning direction is condensed on the recording medium 
by the condensing optical system, the light beam is divided in 
the broad area direction of the light beam, i.e. the sub- 
scanning direction, by the array refracting element or the array 
diffracting element of the present invention. The above- 
described light source includes various kinds of laser diodes. 

According to the exposure apparatus of the third aspect, 
since the array refracting element or the array diffracting 
element of the present invention is placed between the light 
source and the recording medium so that the direction, in which 
the two refracting elements are aligned in an array shape, is 
substantially parallel to the broad area direction of the light 
beam, at the focus point as well, spot diameter is larger than 
when emitted from the light source, and differences among the 
light spots having strong intensities and . diffracted by the 
respective pairs of unit surfaces, which were formed into an 
array, can be made relatively small. Accordingly, the light 
spots generated by diffraction can also be used. Moreover, 
because the diffracted light exposes in a state of being shifted 
in the main scanning direction images having sharp-lines can 
be formed, and as a result, the image quality of the recording 
image can be improved. Since the array refracting element and 
array diffracting element of the invention can be formed at low 
cost compared with the case where the uniaxial crystal is used, 
the apparatus can be configured at low cost. 
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The light beam emitted from the light source is 
temporarily superimposed at a position where a far field pattern 
is formed by the condensing optical system. 

Therefore, it is preferable that the array refracting 
element or array diffracting element of the invention is placed 
at the position where the far field pattern of the light beam 
emitted from the light source is formed. Consequently, the 
array refracting element and array diffracting element of the 
invention can be similarly worked for the light beam emitted 
from the light source. 

On the other hand, the exposure apparatus of the invention 
further includes an inputting component which inputs resolution 
information showing resolution of an image formed on the 
recording medium by the scanning exposure, and a moving 
component in which the array refracting element or array 
diffracting element is removed from the optical axis of the 
light beam emitted from the light source when the resolution 
shown by the resolution information is a predetermined first 
resolution, and the array refracting element or array 
diffracting element is moved so as to be placed on the optical 
axis when the resolution shown by the resolution information 
is a second resolution which is lower than the first resolution. 

According to the exposure apparatus, the resolution 
information showing the resolution of the image formed on the 
recording medium by the scanning exposure is inputted by the 
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inputting component, when the resolution shown by the 
resolution information is the predetermined first resolution, 
the array refracting element or array diffracting element is 
removed from the optical axis of the light beam emitted from 
the light source with the moving component, and when the 
resolution shown by the resolution information is the second 
resolution which is lower than the first resolution, the array 
refracting element or array diffracting element is moved by the 
moving component so as to be placed on the optical axis. 

According to the exposure apparatus, the resolution 
information showing the resolution of the image formed on the 
recording medium by the scanning exposure is inputted, when the 
resolution shown by the resolution information is the 
predetermined first resolution, the array refracting element 
or array diffracting element is removed from the optical axis 
of the light beam emitted from the light source, and when the 
resolution shown by the resolution information is the second 
resolution which is lower than the first resolution, the array 
refracting element or array diffracting element is moved so as 
to be placed on the optical axis, so that the resolution can 
be easily changed only by inputting the resolution information 
during recording the image on the recording medium. 

For a preferable aspect of the exposure apparatus of the 
third aspect, it can be cited that the multiple light sources 
are arranged along the divided direction of the light beam. 
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When the multiple light sources of the invention are arranged 
along the divided direction and the light beam emitted from each 
light source is divided by each array refracting element or 
array diffracting element to be guided to the recording medium, 
the image quality of the recording image can be improved, and 
the image can be recorded at high speed. 

As described above in detail, the array refracting 
element and array diffracting element according to the 
invention is configured to become the shape in which two 
refracting members having a unit surface shape dividing one 
laser beam into two beams in such a manner that each of the 
incident laser beams ejects toward different positions from 
each other are arranged in pair units in the shape of the array 
in the direction orthogonal to the divided direction of the 
laser beam, so that an effect, in which the image quality of 
the recording image can be improved at low cost when the array 
refracting element is used for the exposure recording apparatus, 
is obtained. 

Further, according to the exposure apparatus of the 
invention, since the array refracting element or array 
diffracting element of the present invention is placed between 
the light source and the recording medium so that the array 
direction is substantially parallel to the broad area direction 
of the light beam, the blurring of the light beam can be symmetric 
in the direction of the optical axis at the position which is 
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shifted frontward and backward from the focal point of the light 
beam in the direction of the optical axis (depth direction) , 
and as a result, the effect, in which the image quality of the 
recording image can be improved, is obtained. Since the array 
refracting element and array diffracting element of the present 
invention can be formed at low cost compared with the case where 
the uniaxial crystal is used, so that the effect, in which the 
apparatus can be configured at low cost, is obtained. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 is a schematic block diagram of a laser recording 
apparatus according to a first embodiment of the present 
invention . 

Fig. 2 is a schematic block diagram of a fiber array 
portion according to embodiments of the present invention. 

Fig. 3 is a schematic block diagram showing a 
configuration of an array refracting element according to the 
first embodiment of the present invention. 

Fig. 4 is a block diagram showing a configuration of a 
control system of the laser recording apparatus according to 
the embodiments of the present invention. 

Fig. 5 is a flow chart showing a flow of processing in 
the case where image recording is performed according to 
resolution. 

Figs. 6A and 6B are schematic diagrams showing a state 
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of a beam spot on a recording film, which is formed by the laser 
recording apparatus according to the embodiments of the present 
invention. 

Figs. 7A and 7B are schematic diagrams for illustrating 
the configuration of the array refracting element and operation 
of the laser recording apparatus according to the first 
embodiment of the present invention. 

Figs. 8A to 8D are plan views showing shape examples of 
two refracting portions defining a shape of the array refracting 
element or the array diffracting element of the invention. 

Figs. 9A to 9H are sectional views for illustrating a 
method of manufacturing the array diffracting element of the 
invention by adopting a binary optic. 

Fig. 10 is a schematic block diagram of a laser recording 
apparatus according to a second embodiment of the present 
invention . 

Fig. 11A is a schematic diagram for illustrating the 
working of the laser recording apparatus according to the second 
embodiment of the invention . 

Figs. 11B and 11C are schematic diagrams for illustrating 
the configuration and the operation of the array refracting 
element according to the second embodiment of the present 
invention . 

Figs. 12A and 12B are explanatory views for illustrating 
effect of the array refracting element according to each 
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embodiment of the present invention. 

Fig. 13A and 13B are graphs showing status examples of 
an intensity distribution of a laser beam at a condensing point ; 
and 

Fig. 14 is a block diagram for illustrating a prior art. 

DETAILED DESCRIPTION OF THE INVENTION 
First of all, in order to compare with the present 
invention of the subject application, Fig. 14 shows an example 
in the case where a deviation prism is applied as a 
multiple-condensing-points generating component. As shown in 
Fig. 14, the blurring of a laser beam becomes asymmetrical at 
a position where the laser beam is shifted in a frontward or 
backward direction from a focal point of the laser beam divided 
by the deviation prism and condensed by a condenser lens. 

This phenomenon is caused by the following reason. That 
is, because each of the light beams divided by the deviation 
prism is condensed at a different position in a divided 
direction of each focal point by the condenser lens, for example 
the divided light beams are being separated from each other when 
an incident side of the light beam is viewed from the focal point, 
and the divided light beams are close to each other, intersected, 
and then separated when an ejecting side of the light beam is 
viewed from the focal point. The phenomenon lessens tolerance 
of arranged position of the recording medium in the depth 



direction, sometimes there is a case where the image quality 
of the recording image to the recording medium is deteriorated 
even if the shift in the depth direction of the arranged position 
is slight. 

Referring to accompanying drawings, preferred 
embodiments of the invention will be described in detail below. 
A case, in which the array refracting element and the exposure 
apparatus of the invention are applied to the laser recording 
apparatus, is explained in the following description. 
[ Fi r st Embodiment ] 

First the configuration of a laser recording apparatus 
10A according to a first embodiment will be described referring 
to Fig. 1. As shown in Fig. 1, the laser recording apparatus 
10A is formed to include an odd-number of and three or more (seven 
laser diodes in the embodiments) laser diodes LD which each emit 
a laser beam an exposure head 12 which condenses each laser beam 
emitted from each laser diode LD, a drum 14 to which a recording 
film F recording the image is mounted and which is rotationally 
driven so as to move the recording film F in the main scanning 
direction, and a sub-scanning motor 16 which moves the exposure 
head 12 arranged on a ball screw 18 in the sub-scanning direction 
orthogonal to the main scanning direction by rotationally 
driving the ball screw 18. In the embodiment, an optical fiber 
coupled laser diode having an intensity distribution shown in 
Fig. 13A is applied as the laser diode LD. 
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The exposure head 12 includes a transverse multi-mode 
fiber array portion 30 in which each laser beam guided from the 
odd-numbered laser diodes LD is brought together to be emitted, 
and the laser beam emitted from each laser diode LD is guided 
to the fiber array portion 30 by each transverse multi-mode 
optical fiber 20. In the embodiment, the multi-mode optical 
fiber having a relatively large core diameter is used as the 
optical fiber 20 in order that the laser beam is set to high 
output . 

Fig. 2 shows a configuration of the fiber array portion 
30 viewed in the direction of an arrow B in Fig. 1. The fiber 
array portion 30 according to the embodiment is equipped with 
a support 30A in which V-shaped grooves of the same number as 
that of the laser diodes LD on an upper surface are adjacent 
to each other along the sub-scanning direction, and one optical 
fiber 20 is fitted to each V-shaped groove. Accordingly, 
multiple laser beams L emitted from each laser diode LD are 
emitted from the fiber array portion 30 at a predetermined 
interval along the sub-scanning direction. 

Each laser diode LD emitting the light in a broad band 
area in one direction may be used as the light source. In this 
case, the broad band area direction of the laser beam L emitted 
from each laser diode LD is arranged so as to correspond to the 
ma in- scanning direction . 

A collimator lens 32, an array refracting element 36, and 
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a condenser lens 38 are arranged in order from the side of the 
fiber array portion 30 in the exposure head 12. 

Further, the exposure head 12 includes an element moving 
motor 40 which can insert and remove the array refracting 
element 36 on an optical path of the laser beam L by rotating 
a rotating axis in the direction of an arrow A in Fig. 1. 

As shown in Figs. 3 and 7B, the array refracting element 
36 according to the embodiment is formed such that each two pairs 
of refracting members al and refracting members bl, which have 
a unit surface shape dividing the laser beam L into two beams 
by ejecting each incident laser beam L toward different 
positions from each other, are arranged in the shape of the array 
in the direction (main scanning direction) orthogonal to 
divided direction of the laser beam L (sub-scanning direction) . 
The array refracting element 36 is positioned by the element 
moving motor 40 such that the divided direction of the laser 
beam L corresponds to the sub-scanning direction and the array 
refracting element 36 can be inserted into and removed from the 
position where a far field pattern is formed with the collimator 
lens 32. The array refracting element 36 is formed by using 
an optical glass in the first embodiment. 

Referring to Fig. 4, a configuration of a control system 
of the laser recording apparatus 10A according to the embodiment 
will be described below. As shown in Fig. 4, the control system 
includes an LD driving circuit 54 which drives the laser diode 
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according to the image data, an element moving motor driving 
circuit 56 which drives the element moving motor 40, a sub- 
scanning motor driving circuit 58 which drives the sub-scanning 
motor 16, and a control circuit 52 which controls the LD driving 
circuit 54, the element moving motor driving circuit 56, and 
the sub-scanning motor driving circuit 58. The image data 
showing the image to be recorded in the recording film F and 
the resolution data showing the resolution of the image 
recording are supplied to the control circuit 52. 

The array refracting element 36 corresponds to the array 
refracting element of the invention, the laser diode LD 
corresponds to the light source of the invention, the collimator 
lens 32 and the condenser lens 38 correspond to the condensing 
optical system of the invention, the element moving motor 40 
corresponds to the moving- component of the invention, and the 
recording film F corresponds to the recording medium of the 
invention, respectively. 

The operation of the laser recording apparatus 10A having 
the above-described configuration will be described below 
referring to the flow chart shown in Fig. 5. In this case, the 
description will be performed, assuming that a spacing of the 

beam spot is set to 2-8 and the shift quantity, on the recording 
film F, of the beam spot of the two laser beams divided by the 

array refracting element 36 is set to 8 on the recording film 
F in the case where s is the scanning line pitch of each laser 
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beam L in the sub-scanning direction on the side of a higher 
resolution on the recording film F when the laser beam L is not 
divided, i.e. the array refracting element 36 is not placed on 
the optical path of the laser beam L. 

At first an operator inputs resolution data showing a 
resolution S of an image to be recorded to the laser recording 
apparatus 10A (step 100) . The resolution data and the image 
data of the image to be recorded are supplied to the control 
circuit 52, and the control circuit 52 supplies a signal 
adjusted on the basis of these data to the LD driving circuit 
54, the element moving motor driving circuit 56, and the 
sub-scanning motor driving circuit 58. In the embodiment, the 
description is performed, assuming that the image can be 
recorded by using two kinds of resolutions of K0 (dpi) and 2-KO 

(dpi) as the resolution S. 

When the resolution inputted by the operator is 2-KO (dpi) 

(in the case the determination is affirmative in the step 102) , 
the element moving motor driving circuit 56 drives the element 
moving motor 4 0 and moves the array refracting element 36 such 
that the array refracting element is not positioned on the 
optical path of the laser beam L (step 104) . In this case, the 
sub-scanning motor driving circuit 58 sets a feed pitch W of 
the exposure head 12 by the sub-scanning motor 16 in the 
sub-scanning direction as follows (step 106) . 
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(N-l)x2s 

W = + e = N-s 

2 

However, N is the number of laser diodes LD (seven laser 
diodes in the present embodiment) . 

That is, when the resolution is 2-KO (dpi) , the laser beam 
L is not divided in the sub-scanning direction by removing the 
array refracting element 36 from the optical path of the laser 
beam L. This enables the two times resolution to be realized, 
compared with the case of the division of the laser beam L. 

When the movement of the array refracting element 36 and 
the setting of the feed pitch in the sub-scanning direction are 
finished, the LD driving circuit 54 controls the drive of each 
laser diode LD on the basis of the image data such that the 
emitting light quantity is obtained according to the data set 
to the recording density (step 108). 

The laser beam L emitted from each laser diode LD is 
paralleled with the collimator lens 32, and condensed on the 
recording film F of the drum 14 through the condenser lens 38. 

In this case, beam spots SI to S7 (Fig. 6A) having the 
intensity distribution shown in Fig. 13A, respectively, are 
formed on the recording film F. As shown in Fig. 6A, in the 
beam spots SI to S7, the two dimensional image having the 
resolution 2-KO (dpi) is formed on the recording film F in such 
a manner that the exposure head 12 is moved by the feed pitch 
W in the sub-scanning direction and the drum 14 is rotated in 
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the main scanning direction (step 110) . 

The case where the resolution is changed from 2-KO (dpi) 
to K0 (dpi) (in the case the determination is negative in the 
step 102) will be described below. In this case, the element 
moving motor driving circuit 56 drives the element moving motor 
40 and moves the array refracting element 36 such that the array 
refracting element is positioned on the optical path of the 
laser beam L (step 112) . Also, the sub-scanning motor driving 
circuit 58 sets a feed pitch W of the exposure head 12 by the 
sub-scanning motor 16 in the sub-scanning direction as follows 
(step 114) . 

W 1 — N x 2-S 

That is, when the resolution is K0 (dpi), the laser beam 
L is divided into the multiple laser beams (two beams in the 
present embodiment) in the sub-scanning direction by 
positioning the array refracting element 36 on the optical path 
of the laser beam L. This enables the half resolution to be 
realized, compared with the case where the laser beam L is not 
divided . 

When the movement of the array refracting element 36 and 
the setting of the feed pitch in the sub-scanning direction are 
finished, the LD driving circuit 54 controls the drive of each 
laser diode LD on the basis of the image data such that the 
emitting light quantity is obtained according to the data set 
to the recording density (step 116) . 



24 



The laser beam L emitted from each laser diode LD is 
paralleled with the collimator lens 32, supplied to the array 
refracting element 36, and divided into four beams in each laser 
beam L in the main scanning direction (beam sharing) . Then, 
the four-divided laser beam is condensed on the recording film 
F of the drum 14 through the condenser lens 38 while each laser 
beam is divided into two beams in the sub-scanning direction. 

When the array refracting element 36 is placed at the 
position where the laser beam L is paralleled on the optical 
axis of each laser beam L and near the position where the far 
field pattern is formed as shown in Fig. 7A, each laser beam 
L is temporarily divided into four beams with the array 
refracting element 36 as shown in Fig. 7B, and each laser beam 
L divided into four beams with the array refracting element 36 
is condensed with the condenser lens 38 as shown in Fig. 7A. 
Accordingly, divided laser beams are superimposed in each two 
beams in the sub-scanning direction on the scanned surface, 
which allows the resultant state of the two divided beams. 

At this point, since one condensing spot is formed with 
the condensing beams of the number of array pairs, when the 
outgoing side of the laser beam is viewed from the focal point 
with respect to the main scanning direction, the blurring of 
a laser beam becomes symmetrical in direction of the optical 
axis, and as a result, the image quality of the recording image 
can be improved in the laser recording apparatus 10A. 
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In this case, beam spots SI' to S7' (Fig. 6B) , which have 
two intensity distributions shown in Fig. 13B, i.e. the 
intensity distribution in which each intensity distribution of 
the two divided laser beams is combined in the sub-scanning 
direction, are formed on the recording film F. 

As shown in Fig. 6B, in the beam spots SI' to S7', the 
two dimensional image having the resolution KO (dpi) is formed 
on the recording film F in such a manner that the exposure head 
12 is fed by the feed pitch W in the sub-scanning direction 
and the drum 14 is rotated in the main scanning direction (step 
110) . 

When the resolution of the recording image is changed from 
2-KO (dpi) to KO (dpi) , the beam spots SI to S7 can be easily 
enlarged to the beam spots SI' to S7' by only inserting the array 
refracting element 36 onto the optical path of the laser beam 
L, and the high-speed image recording can be performed because 
the sub-scanning speed is increased. 

In the same way, the resolution of the recording image 

can be changed from KO (dpi) to 2-KO (dpi) . 

The processing of the step 100 corresponds to the 
inputting component of the invention. 

As described above in detail, in the array refracting 
element 36 according to the first embodiment, each two pairs 
of refracting members al and bl having the unit surface shape 
which divides one laser beam into two beams by ejecting each 
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of the one incident laser beams toward the different positions 
are configured to be arranged in pair units in the shape of the 
array in the direction orthogonal to the divided direction of 
the laser beam, so that the image quality of the recording image 
can be improved at low cost when the array refracting element 
36 is used in the laser recording apparatus 10A. 

In the array refracting element 36 according to the first 
embodiment, the shape which divides the one incident laser beam 
into light beams which have different angular orientation from 
each other to eject the laser beam is applied to the unit surface 
shape of the invention, so that the array refracting element 
36 can correspond to the region where the laser beam to be divided 
is substantially paralleled. 

Further, since the array refracting element 36 according 
to the first embodiment is made of the optical glass, the cost 
of the array refracting element 36 can be significantly reduced, 
compared with the case where the array refracting element 36 
is made of the uniaxial crystal. 

As shown in Fig. 8A, the case, in which the refracting 
member al having a rectangular shape in plan view and the 
refracting member bl having a linear slope from one end of the 
sub-scanning direction to the other end on the incident side 
of the laser beam are configured so as to be arranged in pair 
units in the shape of the array in the direction (main direction) 
orthogonal to the divided direction (sub-scanning direction) 
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of the laser beam, has been described in the embodiment, but 
the invention is not limited to the embodiment. Any two pairs 
of refracting members having the unit surface shape which 
divides one laser beam into two beams by ejecting each of one 
incident laser beam toward the different positions which are 
configured so as to be arranged in pair units in the shape of 
the array in the direction (main scanning direction) orthogonal 
to the divided direction (sub-scanning direction) of the laser 
beam can be applied to the array refracting element 36. 

Fig. 8B to 8D show examples (plan view) of the two 
refracting members defining the shape of the array refracting 
element or array diffracting element, which can be employed in 
the same way as the array refracting element 36 shown in the 
embodiment. The array refracting element shown in Fig. 8B is 
an example which has a refracting member a2 having the linear 
slope from one end of the sub-scanning direction to the other 
end on the incident side of the laser beam and a refracting member 
b2 having the linear slope from the other end of the sub-scanning 
direction to one end (slope is the reverse of that of the 
refracting member a2) on the incident side of the laser beam, 
so that the array refracting element of the invention can be 
obtained in such a manner that these refracting members are 
configured so as to be arranged in pair units in the shape of 
the array in the main scanning direction. According to the 
array refracting element, the incident laser beam can be divided 
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in the subject direction for the optical axis of the laser beam 
and ejected. 

The array refracting element shown in Fig. 8C is an example 
which has a refracting member a3 having the multiple linear 
slopes from one end of the sub-scanning direction to the other 
end on the incident side of the laser beam and a refracting member 
b3 having the multiple linear slopes from the other end of the 
sub-scanning direction to one end (slope is the reverse of that 
of the refracting member a3) on the incident side of the laser 
beam, the array refracting element of the invention can be also 
obtained in such a manner that these refracting members are 
configured so as to be arranged in pair units in the shape of 
the array in the main scanning direction. According to the 
array refracting element, similar to the array refracting 
element shown in Fig. 8B, the incident laser beam can be divided 
in the subject direction for the optical axis of the laser beam 
and ejected. 

Further, the array refracting element shown in Fig. 8D 
is an example which has a diffracting member a4 having the many 
linear slopes from the other end of the sub-scanning direction 
to the one end on the incident side of the laser beam and a 
refracting member b4 having the rectangular shape in plan view, 
the array diffracting element of the invention can be also 
obtained in such a manner that these diffracting members and 
refracting members are configured so as to be arranged in pair 



29 



units in the shape of the array in the main scanning direction. 
However, a height of each step is set to an integral multiple 
of AV(n-l) when a refractive index of the diffracting member 
is n, the refractive index of air is 1, and a wavelength of the 
light is X. According to the array diffracting element, the 
incident laser beam can be divided in the direction parallel 
to the optical axis of the laser beam and the direction gradually 
separating from the optical axis to the sub-scanning direction 
and ejected. 

Here, we have explained a case in which the array 
diffracting element is structured to use both the diffracting 
member and the refracting member, however, the array 
diffracting element can be structured to use only diffracting 
members by making refracting member b4 into a diffracting member, 
and can also have a structure in which diffracting member a4 
is made into a refracting member and refracting member b4 is 
made into a diffracting member. 

Although the cases, in which all the slopes of the 
refracting member or diffracting member are provided on the 
incident side of the laser beam, are shown in the examples shown 
in Figs. 8A to 8D, the same slopes can be also provided on the 
ejecting side of the laser beam. The same effect as the 
embodiment can be also obtained in these array refracting 
elements or diffracting element. 

A concrete example of a method of manufacturing the array 
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refracting element or array diffracting element according to 
the invention will be described below. A method in which the 
slope shown in Figs. 8A to 8D is formed by cutting the 
plate-shaped optical glass, a method in which the* slope is 
formed by adopting the technique called an binary optics to the 
plate-shaped optical glass, or the like can be cited as an 
example of the method of manufacturing the array refracting 
element or array diffracting element. The array diffracting 
element manufacturing method adopting the binary optics will 
be described here referring to Figs. 9A to 9H. Figs. 9A to 9H 
show the case manufacturing the array diffracting element which 
is configured to arrange, e.g. the diffracting members having 
the shape shown in Fig. 8D in the shape of the array in the 
direction orthogonal to the divided direction of the laser beam. 

As shown in Fig. 9A, at first one of surfaces (hereinafter 
referred to as "processing surface") of a plate-shaped glass 
GL having a predetermined thickness is covered with a mask. As 
shown in Fig. 9B, part of the mask is irradiated with the light, 
and the region of the mask which has been irradiated with the 
light is removed. As shown in Fig. 9C, the region is removed 
in the plate thickness direction to a predetermined depth by 
etching to form a concave portion, and then, as shown in Fig. 
9D, the mask remaining over the processing surface of the 
plate-shaped glass GL is completely removed. 

As shown in Fig. 9E, the processing surface of the 
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plate-shaped glass GL and a bottom surface of a concave portion, 
which is formed by the etching, are masked. As shown in Fig. 
9F, the regions form the same side end portions of each mask 
(the left side end in the case in Figs. 9A to 9H) to the central 
position of the mask are irradiated with the light, and the 
regions which have been irradiated with the light are removed. 
As shown in Fig. 9G, the regions are removed in the plate 
thickness direction to the predetermined depth by the etching. 
Then, as shown in Fig. 9H, the masks remaining over the 
processing surface of the plate-shaped glass GL are completely 
removed . 

In the processing surface of the plate-shaped glass GL, 
the concave portion having the step shape in the sectional view 
can be formed by the above-described process. A slope can be 
formed on the processing surface by repeatedly carrying out the 
process shown in Figs. 9E to 9H. 

The number of steps of the step-shaped concave portion, 
which is formed the binary optics, is called a level (four levels 
in the state shown in Fig. 9H) . Theoretically, a proportion 
of the light diffracted in the desired direction by the slope 
formed in the concave portion is about 95% in the case of the 
8 -level slope, and about 98.7% in the case of the 16- level slope . 
Accordingly, even in the case of the processing of about 
16-level slope, it is expected that the array diffracting 
element, which sufficiently endures the practical use, can be 
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manufactured . 

Though the case where the array refracting element is 
integrally formed by using the optical glass has been described 
in the present embodiment, the invention is not limited to the 
same. For example, it is needless to say that the array 
refracting element or the array diffracting element can be 
configured by arranging the refracting members al to a3, 
diffracting member a4 and refracting members bl to b4 having 
the shapes shown in Figs. 8A to 8D in pair unit in the shape 
of the array and bonding the refracting members al to a3 and 
array diffracting element a4 . In this case, the same effect 
as the present embodiment can be also obtained. 
[Second Embodiment] 

The mode of the case, in which the array refracting element 
of the invention is provided in the region where the light beams 
are substantially paralleled and the incident light beam is 
divided into beams having the different angles to be ejected, 
has been described in the first embodiment. However, a mode 
of the case, in which the array refracting element is provided 
in the region to which the light beam converges and the incident 
light beam is divided to be ejected such that the optical axis 
of the outgoing light beam is paralleled to the optical axis 
of the incident light beam, will be described in a second 
embodiment of the invention. 

The configuration of a laser recording apparatus 10B 
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according to the second embodiment will be described referring 
to Fig. 10. Components in Fig. 10 which are the same as those 
of the laser recording apparatus 10A shown in Fig. 1 are 
indicated by the same reference numerals, and description 
thereof is omitted. 

As shown in Fig. 10, the laser recording apparatus 10B 
according to the second embodiment differs from the laser 
recording apparatus 10A according to the first embodiment only 
in that an array refracting element 36' is used instead of the 
array refracting element 36 and the array refracting element 
36' is provided in the region to which the laser beam L converges 
between the condenser lens 38 and the recording film F. 

As shown in Figs . 11B and 11C, the array refracting element 
36' according to the second embodiment is configured such that 
two pairs of two refracting members c (plate-shaped optical 
glass in the embodiment) having a unit surface shape dividing 
the laser beam L into two beams by ejecting each of the incident 
laser beam toward the different positions from each other are 
arranged in pair units in the shape of the array in the direction 
(main scanning direction) orthogonal to the divided direction 
(sub-scanning direction) of the laser beam L. The array 
refracting element 36' is positioned by the element moving motor 
40 such that the divided direction of the laser beam L 
corresponds to the sub-scanning direction. 

As shown in Figs . 11B and 11C, the array refracting element 
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36' according to the second embodiment is configured to bond 
four pieces of the optical glass having a predetermined 
thickness at the central position of each predetermined 
direction by using the optical bonding agent such that the four 
pieces of the optical glass are slanted at a predetermined angle 
with alternating one direction relative to the sub-scanning 
direction and the averse direction to the one direction. Balsam, 
epoxy adhesive, silicon adhesive, and the like can be used as 
the optical bonding agent. For example, the predetermined 
angle is 6°, assuming that the beam spot pitch is 11.6 fim on 
the scanned surface of the divided laser beam L and the plate 
thickness of the optical glass is 0.15 mm. 

When the resolution is set to K0 (dpi) , the laser beam 
L emitted from -each laser diode LD is made paralleled by the 
collimator lens 32, and supplied to the condenser lens 38 to 
be condensed as shown in Fig. 11A. 

The laser beam L condensed by the condenser lens 38 is 
supplied to the array refracting element 36' , and divided into 
four beams (beam sharing) in the main scanning direction as 
shown in Fig. 11C. Then, the four-divided beams are ejected 
from each of the pairs of regions corresponding to the unit 
surface shape of the array refracting element 36' such that the 
optical axes of two divided laser beams Dl and D2 are parallel 
to the optical axis of the laser beam L. The four-divided laser 
beams are superimposed in each two beams in the sub-scanning 
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direction on the scanned surface of the recording film F 
provided on the drum 14, consequently, each laser beam L is 
condensed while the laser beam L is divided into two beams in 
the sub-scanning direction. 

At this point, since one condensing spot is formed by the 
condensing beams of the number of array pairs, when the outgoing 
side of the laser beam is viewed from the focal point and when 
the incident side of the laser beam is viewed from the focal 
point with respect to the main scanning direction, the blurring 
of each laser beam becomes symmetrical in the direction of the 
optical axis. As a result, the image quality of the recording 
image can be improved in the laser recording apparatus 10B. 

In this case, beam spots SI ' to S7 ' (Fig. 6B) , which have 
two intensity distributions shown in Fig. 13B, i.e. the 
intensity distribution in which each intensity distribution of 
the two divided laser beams is combined in the sub-scanning 
direction, are formed on the recording film F. 

As shown in Fig. 6B, in the beam spots SI' to S7', the 
two dimensional image having the resolution KO (dpi) is formed 
on the recording film F in such a manner that the exposure head 
12 is fed by the feed pitch W in the sub-scanning direction 
and the drum 14 is rotated in the main scanning direction. 

On the other hand, when the image having the resolution 
of 2-KO (dpi) is formed, the array refracting element 36' may 
be moved so as not to be placed on the optical path of the laser 
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beam L and controlled so as to obtain the beam spots SI to S7 
shown in Fig . 6A. 

As described above in detail, in the array refracting 
element 36' according to the second embodiment, the two 
refracting members c having the unit surface shape which divides 
one incident laser beam into two beams by ejecting each of the 
one laser beams toward the different positions are configured 
to be arranged in pair units in the shape of the array in the 
direction orthogonal to the divided direction of the laser beam, 
so that the image quality of the recording image can be improved 
at low cost when the array refracting element 36' is used in 
the laser recording apparatus 10B. 

In the array refracting element 36' according to the 
second embodiment, the shape, which divides the one incident 
laser beam such that the optical axis of the incident laser beam 
is parallel to the optical axis of the divided laser beam to 
eject the laser beam, is applied to the unit surface shape, so 
that the array refracting element 36' can correspond to the 
region where the laser beam to be divided diverges or the region 
where the laser beam to be divided converges. 

Further, since the array refracting elements 36 and 36' 
according to each of the above-described embodiments are 
configured such that the refracting member has the shape in 
which the refracting members are arranged in the shape of the 
array in the main scanning direction, the image quality of the 
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image to be formed can be improved and the laser beam can be 
efficiently utilized, compared with the case where the 
refracting members are arranged in the sub-scanning direction. 

Namely, by forming the refracting member or the 
diffracting member are formed in the array shape, diffracted 
light is generated at joining portions of each member. For 
example, in the array refracting element pertaining to the 
embodiment shown in Fig. 12A, because the refracting member is 
structured so as to be arranged in the array shape, diffracted 
light at the joining member theoretically has a light intensity 
of first order diffracted light of about 40% with respect to 
a light intensity of zero order light. In this case, as shown 
in Fig. 12B, by the broad area direction taking at least the 
main scanning direction, a difference between the spot position 
of light diffracted by one order in the main scanning direction 
with respect to the spot diameter of the zero order main scanning 
direction at the scanned surface, can be made relatively small. 
Therefore, this refracted light can be used for image forming 
in the main scanning direction and the laser beam can be 
efficiently used. Being able to use this diffracted light is 
extremely useful. 

Moreover, light intensity distribution at the scanned 
surface in this case, for example, with respect to the figure 
shown in the lower portion of Fig. 12B, the diffracted light 
in the case in which the array refracting element is formed by 
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aligning refracting members in the sub scanning direction, 
cannot maintain a sharp edge portion of the light intensity 
distribution ends in the sub scanning direction because the 
diffracted light exposes in a state of being shifted in the sub 
scanning direction from the beam spot position. In contrast 
to this, by forming the array refracting element so as to be 
arranged in the array shape in the main scanning direction, an 
image having sharp lines can be formed, change of line width 
in this image rarely occurs, and as a result, image quality can 
be improved. 

In the laser recording apparatuses 10A and 10B according 
to each of the embodiments, since the array refracting element 
is placed between the fiber array portion 30 and the recording 
film F such that the array direction of the laser beam is parallel 
to the broad area direction of the laser beam, the blurring of 
the laser beam can be symmetric in the direction of the optical 
axis, and as a result, the image quality of the recording image 
can be improved. Since the array refracting element can be 
formed at low cost compared with the case where the uniaxial 
crystal is used, the apparatus can be configured at low cost. 

In the laser recording apparatuses 10A and 10B according 
to each of the embodiments, since the array refracting element 
is placed at the position where the far field pattern of the 
laser beam is formed, the array refracting element can equally 
work for the entire laser beams L emitted from each laser diode 
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LD. 

In the laser recording apparatuses 10A and 10B according 
to each of the embodiments, the resolution information 

(corresponding to "resolution data" in each of the embodiments) 
showing the resolution of the image formed on the recording film 
F by the scanning exposure is inputted. When the resolution 
shown by the resolution information is the predetermined first 
resolution (2-KO (dpi) in each of the embodiments) , the array 
refracting element is removed from the optical axis of the laser 
beam emitted from the laser diode LD, and when the resolution 
shown by the resolution information is the second resolution 

(KO (dpi) in each of the embodiments) which is lower than the 
first resolution, the array refracting element is moved so as 
to be placed on the optical axis. Therefore, the resolution 
can be easily changed only by inputting the resolution 
information during recording of the image in the recording film 
F. 

Since the laser recording apparatuses 10A and 10B 
according to each of the embodiments are configured such that 
the multiple laser diodes LD are arranged along the direction 
of the laser beam L divided by the array refracting element and 
the laser beam L emitted from each laser diode LD is divided 
to be guided to the recording film F, the image can be recorded 
at high speed. 

Although the case, in which the array refracting element 
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36' is provided at the region where the laser beam is condensed, 
has been described in the second embodiment, the invention is 
not limited to this case. For example, the array refracting 
element 36' can be provided at the region where the laser beam 
diverges, i.e. between the fiber array portion 30 and the 
collimator lens 32. In this case, the same effect as that of 
the second embodiment can be obtained. 

Though the case, in which the invention is applied to the 
laser recording apparatuses 10A and 10B which perform the 
multi-beam scanning, has been described in each of the 
embodiments, the invention is not limited to the embodiments. 
For example, the invention can be applied to the laser recording 
apparatus which performs the single beam scanning, in which the 
light source is formed with one laser diode. In this case, the 
same effect as that of each of the embodiments can be obtained. 
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